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• Introduction 
Recent improvements of IR thermography 
cameras allow detecting small defects and 
hygroscopic salts that are present under 
the surface of building heritage materials.  
 
• Physical principle- material 
The thermal diffusivity (a, m²/s) 
characterizes the ability of a continuous 
material to respond to a thermal stress 
from one point to another. It depends on 
the thermal conductivity and the ability of 
the material to retain heat (produced 
mass density x heat capacity).  
alimestones = 1.10
-7 to 1.10-6 m² / s 
 
 
 
 
 
 
 
 
 
 
 
 
Process to determine the thermal diffusivity in the rear panel 
The thermal effusivity of a material (b, 
JK-1.m-2.s-1/2) characterizes its ability to 
exchange thermal energy with its direct 
environment. It depends on the thermal 
conductivity, the density and the thermal 
capacity of the material.  
IRT using a thermographic camera FLIR© 
A20. the lens used has a field of view/min 
focus distance of 25° x 19° / 0.3 m with a 
spatial resolution (IFOV) 2.7 mrad. The 
thermal sensitivity at 50/60Hz  is 0.12° C 
at 30° C.  
 
• 1. Detection of the 
crystallization process 
• Samples  
Two Miliolids limestone from the Paris 
Bassin and a brick that are immersed 
overnight in a saturated Na2SO4 solution. 
• Experimentation 
Recording of the thermal variations during 
the evaporation process during 5 hours 
with a frequency of acquisition of 1 image/ 
5 sec. 
 
• Results 
 
At the beginning of  
the crystallization 
process  
 
At the end of the  
crystallization  
process  
 
Emergence of  
many hotspots  
during the crystal- 
lization process  
 
The crystallization process occurs because 
of the loss of water. The overheating is 
located first at the samples periphery 
because of a higher evaporation surface : 
- It corresponds to the germination pro-
cess (first step of the crystal growth); 
- Centripete development of the process; 
- Heterogeneity of the process because 
of the surface roughness and hetero-
geneity of the materials. 
 
• 2. Detection of salts 
Thermophysical properties of materials in 
presence of salts have been studied 
determining thermal effusivity (b) and 
diffusivity (a) in 2 ways: measurements 
under an extended flash excitation and 
measurements on the center of the 
excited area after stimulation. 
• Samples  
- Drilled bioclastic limestone (10 
samples) 
- Half of the samples: addition of NaCl 
in solution (4% in mass) after has 
been plunged in a saline solution 
during 8 hours in ambient conditions, 
after their emersion, the samples were 
air dried during more than 48 hours.  
 
• Experimentation 
- Half of the samples: plunged in a 
saline solution of NaCl (4% in mass) 
during 8 hours in ambient conditions; 
- Drying of the samples during more 
than 48 hours after their emersion; 
- A PVC sample used as a reference (in 
order to determine the effusivity b); 
- All the samples recovered with a dark 
painting; 
- Determination of effusivity and diffu-
sivity after extraction of the thermal 
profiles (2 measures for a and b per 
sample).  
 
 
 
 
 
Samples of  
limestone   
with 
PVC reference 
 
• Results 
The results show that thermal effusivity 
and diffusivity are very sensitive to the 
presence of salts. 
The values of these parameters are 
significantly superior to non-salted one. 
This method allows to detect the presence 
of hygroscopic salts. 
New experiments have to be done in order 
to determine the lowest salt concentration 
that allow detecting significantly in the 
presence of  hygroscopic salts. 
 
 
 
 
 
 
 
Thermal effusivity values of the samples 
 
 
 
 
 
 
 
 
 
Thermal diffusivity values of the samples 
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• Conclusions  
• First laboratory, experiments show 
that it is possible to detect salted area 
and hygroscopic salts in a limestone. 
• It is possible to detect the crys-
tallization process of hygroscopic salts 
at its first steps and to localize the 
crystal germs inside the stone. 
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Average measurement of the 
thermal diffusivity (m²/s) 
Sample containing salt  10.10 -7 
Reference sample 8,0.10 -7 
Comparison: salty sample vs 
reference Gap relative (%) 
16,9  
